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CLAIMS 



[Claim(s)] 

[Claim 1] It is a semi-conductor wafer processing system. Two or more processing chambers, A migration 
chamber including the transport station which is arranged at the core between two or more of said 
processing chambers, and transports a wafer between processing chambers, The sequence task-control 
equipment for controlling said wafer transfer device and reconstructing the schedule of the wafer by which 
the deadlock was carried out so that the timing of the sequence of migration of the wafer between 
processing chambers may be doubled and set in order The semi-conductor wafer processing system which 
it has. 

[Claim 2] Said sequence task-control equipment Means for identifying the wafer by which the deadlock was 
carried out within the supply source processing chamber Means for ordering a wafer transport station to 
transport said identified wafer to a position in readiness, and to release said supply source processing 
chamber by it System according to claim 1 which it has further. 

[Claim 3] Said means for identifying the wafer by which the deadlock was carried out Means for 
determining the destination chamber of a wafer and determining whether the resource is available at the 
time of the schedule of migration to the destination processing chamber meant from the supply source 
processing chamber Means for surely discriminating the wafer from the wafer by which the deadlock was 
carried out, when a destination processing chamber cannot be used System according to claim 2 which it 
has further. 

[Claim 4] Said means for identifying the wafer by which the deadlock was carried out System according to 
claim 3 further equipped with the means for making a sequence change of the wafer processing sequence 
so that the schedule which transports said wafer by which the deadlock was carried out from a position in 
readiness to the meant destination chamber may be constructed, when the resource becomes available. 
[Claim 5] The system according to claim 4 which has said position in readiness in a load lock. 
[Claim 6] The system according to claim 1 said whose wafer by which the deadlock was carried out is a 
wafer of sequence medium. 

[Claim 7] An orientation chamber is included further. System according to claim 1 said whose wafer by 
which the deadlock was carried out is an orientation chamber. 

[Claim 8] The system according to claim 1 by which said sequence task-control equipment uses a wafer 

migration queue, chamber DS, wafer management data structure, and a wafer sequence list. 

[Claim 9] The system according to claim 8 by which said wafer sequence list includes the information 

which identifies each wafer in said two or more wafers uniquely using wafer discernment data. 

[Claim 10] The system according to claim 8 by which said wafer migration queue includes the information 

which identifies each supply source chamber and destination chamber of said wafer in said two or more 

wafers. 

[Claim 1 1] The system according to claim 8 by which said chamber DS includes the information about a 
chamber processing parameter. 

[Claim 12] The system according to claim 8 by which said wafer management data structure includes the 
information which identifies the supply source of each wafer, the condition of each wafer, a supply source 
cassette identifier, and a supply source slot identifier. 

[Claim 13] It is the approach of processing a wafer by the multi chamber wafer processing system. Process 
which identifies the wafer by which the deadlock was carried out, Process which moves said wafer by 



which the deadlock was carried out to a position in readiness until the destination chamber of said wafer by 
which the deadlock was carried out becomes available, Process which moves said wafer by which the 
deadlock was carried out to said destination chamber The approach for processing a wafer by the multi 
chamber wafer processing system of including. 

[Claim 14] The approach according to claim 13 which has said wafer by which the deadlock was carried out 
in an orientation chamber. 

[Claim 15] Said discernment process Process which investigates a wafer migration queue and identifies the 
destination chamber of a specific wafer Process which investigates chamber DS and determines whether 
said destination chamber is available Process which discriminates a specific wafer from a deadlock when a 
destination chamber cannot be used The approach according to claim 13 of including further. 
[Claim 1 6] Process which determines the time of said destination chamber becoming available Process 
which updates a wafer migration queue by specific wafer discernment data in order to promote group repair 
of the schedule for moving a specific wafer to a destination chamber The approach according to claim 1 5 
of including further. 

[Claim 17] The approach according to claim 16 of including further the process which attaches priority to 
the wafer of either of said wafer migration queues, after said wafer migration queue is updated. 
[Claim 18] An approach including the process maintained as the door of an orientation chamber was 
opened while being returned to a load lock until said wafer by which the deadlock was carried out uses an 
orientation chamber as a supply source chamber, sequential migration of the wafer of further plurality 
[ approach / said ] is carried out from a load lock at an orientation chamber and a destination chamber 
becomes available according to claim 13. 

[Claim 19] The approach according to claim 18 of including further the process which moves directly the 
wafer by which orientation was carried out to said destination chamber from said load lock. 
[Claim 20] Sequential processing is carried out within two or more processing chambers by which each 
wafer was adapted for one or the integrated-circuit process beyond it according to the process recipe. It is 
the approach of carrying out multi chamber processing of the wafer that the schedule of two or more 
wafers is constructed. The process which assembles the wafer sequence list which identifies the timing 
and sequence that said two or more wafers are processed in two or more of said processing chambers and 
different processes, Process which processes said wafer according to said wafer sequence list About each 
wafer identified by the wafer sequence list The process which determines the condition of the next 
destination processing chamber of the processing sequence, and the destination processing chamber at the 
time of completion of a current process process from the condition current [ the ] in a supply source 
processing chamber, and its process recipe, Process which transports a wafer to a destination processing 
chamber when the condition is available When a destination processing chamber is utilization disabling 
Process which transports a wafer to a standby chamber Process into which a wafer sequence list is 
changed about the wafer transported to the standby chamber in order to reconstruct the schedule of a 
wafer processing sequence How to include. 

[Claim 21] The process which determines whether either of the wafers in a wafer sequence list is 
transportable, and when all the wafer cannot be transported, either The process which opens both load 
lock and an orientation chamber to a migration chamber, By transporting wafer to said orientation chamber 
from said load lock, carrying out orientation of said wafer within said orientation chamber, and transporting 
said orientation finishing wafer to said load lock Process which performs orientation of a wafer Until a 
destination chamber becomes available Process which repeats said wafer orientation to other wafers in 
said load lock Process which transports said load lock and an orientation chamber to closing, and 
transports a wafer to a destination chamber The approach according to claim 20 of including further. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 

This invention relates to the multi chamber semi-conductor wafer processing system which has two or 
more processing chambers in more detail about an integrated-circuit wafer processing system. 
[0002] 

[Description of the Prior Art] 

The multi chamber semi-conductor wafer processing system (known as a cluster tool) which can perform 
two or more processes sequential and simultaneous to works, such as a semi-conductor wafer, is shown at 
U.S. Pat. No. 4,951,600 (Maydan I) published by Maydan and others and U.S. Pat. No. 5,292,393 (Maydan II) 
similarly published by Maydan and others, and includes these disclosure in this application description by 
reference. 
[0003] 

Maydan I and Maydan The cluster tool indicated by II is an integrated vacuum processing system which 
contains fundamentally one or the load lock chamber beyond it, a migration chamber, and two or more 
vacuum processing chambers currently connected to the load lock chamber and the migration chamber 
through the slit which can be closed selectively [ each chamber ]. One arranged in a chamber or the 
chemical vapor deposition of the wafer beyond it, physical vacuum evaporationo, dirty processing, rapid 
heat annealing, etc. can fit each processing chamber so that one or integrated-circuit processing beyond it 
may be performed. The load lock chamber has incorporated the external wafer elevator fitted so that a 
wafer might be arranged at the inlet port of a load lock chamber, and the internal elevator fitted so that a 
wafer might be moved to the location or migration location contiguous to the outlet of a load lock chamber. 

[0004] 

The wafer transport station arranged in the center is attached in a migration chamber, and, generally 
contains a level wafer maintenance blade. A wafer transport station performs revolution of a blade, 
expanding, and level luffing motion, and arranges a blade to an external elevator, an internal elevator, and a 
processing chamber selectively. 
[0005] 

In the usual processing mode, process control equipment transports a wafer to the maintenance plate of an 
internal elevator through the inlet port of one load lock from the slot in the migration cassette of an 
external elevator. After a wafer is loaded into a cluster tool, the inlet port of a load lock is sealed. 
Subsequently, a load lock, a migration chamber, and a processing chamber are exhausted with a pump by 
even the vacuum level for processing. A real-time automatic process sequencer starts, the 1 st wafer is 
moved to a processing chamber, the inlet port is closed, the processing is started, the 2nd wafer is moved 
to a processing chamber, the inlet port is closed, and the processing is started. The multi chamber 
continuation sequential process of two or more wafers is attained by planning the path of the wafer 
between processing chambers while a cluster tool is closed and being in a vacua by that cause. If 
processing of a wafer is completed, it will usually be returned to the specific plate of an internal elevator 
until processing of all the wafers in a specific lot is completed and is returned. Subsequently, a cluster tool 
is opened by atmospheric air and a wafer is taken out by the migration cassette of an external elevator. 



[0006] 

Adjustment and control of the chemical preparation of the element of a multi chamber processing system 
are offered by the real-time multitasking control program which makes possible interactive user input and 
system monitoring/Generally, a sequencer task module reads a wafer sequence list including the 
discernment and process recipe, or sequence of each wafer on an internal elevator maintenance plate, and 
plans the chemical preparation performed migration of the wafer between processing chambers, and there 
[0007] 

If the processing chamber of the recipe sequence of a wafer becomes available, a wafer will be processed 
next from a degree in order of a wafer sequence list. Although this often functions theoretically, depending 
on the case, a wafer will be in a "deadlock" condition by the process sequence. This is usually generated, 
when [ to which the process recipe of a specific wafer continues after short-time down stream 
processing ] down stream processing of long duration is included all the time. Although a short-time 
process process is planned and is completed comparatively promptly, when migration to a processing 
chamber is tried in the case of a long duration process process, a wafer is interrupted by the destination 
processing chamber in "under an activity" or processing mode for the same wafer before that. If this 
occurs, both chambers (a supply source and destination) will be as a matter of fact among the time amount 
of the die length of a process for a long time in "a condition in use, i.e., the condition for processing after it 
which cannot be used," for the die length of prolonged processing. The deadlock of the wafer in the 
chamber of a supply source is carried out literally, and it waits for the destination chamber of a wafer to 
become available. 
[0008] 

Also in the case of a short process, this generates an orientation process etc. intrinsically again. Although 
an orientation process can be performed comparatively promptly, subsequently a wafer waits repeatedly for 
the following processing chamber in a process sequence to become available within an orientation chamber. 
This blocks using an orientation chamber for other regularly processible wafers, when prior orientation is 
carried out and the following processing chamber in a process sequence is subsequently being able to use. 
This prior orientation becomes economization of most time amount at the subsequent process in a process 
sequence later. 
[0009] 

Therefore, in order to reduce or avoid the situation which carried out the deadlock, the approach and 

equipment which reconstruct the schedule of a system resource are required technically. 

[0010] 

[Means for Solving the Problem] 

This invention offers the multi chamber processing system equipped with the multitasking control 
containing the process sequencer which can identify the workpiece or wafer which foresaw and carried out 
the deadlock of the point of a process sequence. Once the wafer by which the deadlock was carried out is 
identified, it will be removed from a real-time sequence process by returning it to a load lock preferably by 
transporting the wafer to the position in readiness in a system. The wafer by which the deadlock was 
carried out is a load lock, and when the resource becomes available, it waits to be carried out [ with which 
a schedule is reconstructed so that it may be sent to the original destination chamber ]. 
[0011] 

Therefore, since a system throughput is increased remarkably, this invention offers the approach and 
equipment for canceling lock out of the resource of a multi chamber processing system (that is, cluster 
tool) by using a pre sequencer. With one operation gestalt of this invention, the wafer of the identified dead 
lock status is a wafer of sequence medium which ended one of the processing process of the, and is 
waiting to be transported to a destination chamber for the following processing process by the supply 
source chamber. A destination chamber makes a system resource blockade by making the supply source 
chamber into the busy condition, while waiting to become available, and probably does not delay other 
wafers beyond one or it, and a wafer moves the wafer of sequence medium which carried out the deadlock 
to a position in readiness. For example, a wafer is moved to the internal elevator of a load lock. After 
migration, a supply source chamber becomes usable, in order to continue processing of other wafers in a 
system. Subsequently, this invention reconstructs the schedule of the wafer currently held in the position 
in readiness, when a destination chamber becomes available. 
[0012] 



With the 2nd operation gestalt of this invention, this invention identifies the wafer with which orientation of 
[ in an orientation chamber ] was carried out as a wafer by which the deadlock was carried out. That is, 
since the 1st processing chamber of the process recipe is using [ be / it ] it (utilization is impossible), the 
wafer is not processible. As compared with almost all chemical preparation, for short time amount required 
for an orientation process, an orientation chamber may serve as main sources of release of a deadlock 
wafer, and all the throughputs of a system may be reduced. I hear that almost all wafers must pass an 
orientation chamber, and another reason an orientation chamber becomes a problem has them, and if this 
does not use an orientation chamber more effectively, it becomes the cause which causes delay. This 
invention solves this problem by discriminating the wafer with which orientation of [ in the orientation 
chamber which that following destination chamber is using ] was carried out from a deadlock wafer, and 
returning the wafer by which orientation was carried out to a load lock or the convenient wafer position in 
readiness of a certain others. Thereby, a system continues using an orientation chamber more effectively 
and it becomes possible to increase a throughput. 
[0013] 

With the 3rd operation gestalt of this invention, when all processing chambers are using it, this invention 
carries out orientation of the wafer in the load lock which is waiting to be processed first, and then offers 
preferably a position in readiness and the prior orientation process returned to a location at those 
beginning in a load lock, therefore, since the sequence is changed in order to raise the effectiveness of a 
system even if the orientation process of a specific wafer is performed where of the usual process 
sequence, in order to save the processing time, it can come out and perform excluding it. 
[0014] 

With the operation gestalt which this invention illustrated, these approaches can be performed by the 
process control sequencer which controls the cluster tool containing the load lock chamber, the migration 
chamber, the buffer chamber, the orientation chamber, and two or more vacuum processing chambers 
beyond one or it, for example, the programmed general purpose computer. Each processing chamber is 
adapted so that one or integrated-circuit processing beyond it (recipe) on a wafer may be performed. The 
wafer transport station arranged at the core of a migration chamber is used in a wafer in order to move 
between various chambers, so that a multistage story processing sequence may be promoted. 
[0015] 

[Embodiment of the Invention] 

If the following detailed description is combined with an attached drawing and read, these of this invention 
and the other objects, a mode, and the description will be understood more clearly, and will more often be 
explained. 
[0016] 

In order to promote an understanding, the same element common to a drawing is shown using a same 

reference figure, when possible. 

[0017] 

Drawing 1 is the top view of the suitable operation gestalt of the multi chamber semi-conductor wafer 
processing system 10 (cluster tool) which operates according to this invention. A cluster tool is fitted so 
that vacuum processing of the workpieces, such as a silicon wafer for the integrated circuits of a very- 
large-scale-integration (VLSI) mold, may be carried out especially. The cluster tool 10 equips the sealed 
general target which has eight side attachment walls 1 3 which demarcate the vacuum migration enclosure 
or a chamber 14 with the main frame or housing 12 of an octagon. 
[0018] 

The cluster tool 10 contains four processing chambers (PC1-PC4) 16, 18, 20, and 22, the migration 
chamber 14, the buffer chamber 28, the wafer orientation chamber / degasifying chamber 30, and one pair 
of load lock chambers 24 and 26. Each processing chamber expresses the phase or phase from which 
semi-conductor wafer processing differs. In this disclosure, it is considered that the buffer chamber 28, 
and the wafer orientation chamber / degasifying chamber 30 are the processing chambers of a special 
class. Therefore, a chamber is only the vocabulary "a processing chamber" or a thing which includes the 
chamber of all the forms in an accessible cluster tool according to a transport station. 
[0019] 

In order to realize wafer migration between these chambers, the migration chamber 14 includes the 1st 
robot type transport station 82, for example, a single blade robot, (SER). Generally, a wafer 15 is put into 
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the migration cassette 25 made from plastics of a load lock chamber arranged in 24 or 26 one, and is 
carried in a system from a storage area. The robot type transport station 82 transports every one wafer 1 5 
to a wafer orientation chamber / degasifying chamber 30 from a cassette 25 at once. Generally, the buffer 
chamber 28 is not used until a wafer is processed within one or the processing chambers 16, 18, and 20 
beyond it, and 22. Each wafer is carried and carried by the wafer migration blade 86 arranged in the far 
edge 84 of the robot device 82. It expands and contracts so that it may be expressed by the arrow head 
88, and although the condition of having contracted is shown, this device is rotated so that it may be 
expressed by the arrow head 90. The orientation of migration is controlled by the control unit 70 
[0020] 

A control unit 70 controls processing and wafer migration which are performed by the cluster tool 10. A 
control device includes exchange circuits, such as memory for storing a microprocessor (CPU) and a 
control routine and a power unit, a clock circuit, and cache **. A control device 70 also contains I/O 
peripheral devices, such as a keyboard, a mouse, and a display, again. A control device 70 is a general 
purpose computer which performs sequencing and scheduling which promote processing and migration of a 
wafer. The software routine which controls a cluster tool is stored in memory, and in order to promote 
control of a cluster tool, it is performed by the microprocessor. 
[0021] 

A control device 70 directs a transport station according to a process schedule, and arranges a wafer to 
the processing chambers 16, 18, 20, and 22. In order to promote migration of such a wafer, the migration 
chamber 14 is enclosed by four processing chambers 16, 18, 20, and 22, and can access them. If 
processing is completed within a processing chamber, a transport station 82 will move the completed wafer 
from a processing chamber, and will transport a wafer to the buffer chamber 28. A wafer is taken out from 
a buffer chamber next and arranged at the load lock chambers 24 or 26. 
[0022] 

Drawing 2 shows the block diagram of the control device 70 which performs the system process control 
software for cluster tool 10, and generates automatic control and process sequencing. A control device 70 
can be realized in more detail as a general purpose computer (for example, a mainframe computer, a 
workstation, a personal computer, or a microcomputer) for controlling a multi chamber processing system. 
A general purpose computer can be equipped with a central processing unit (CPU) or PUROSSESSA 72, 
memory 71, ROM73 and various I/O devices 74, for example, a monitor, a keyboard, and/or various storage. 

[0023] 

With a suitable operation gestalt, a control unit is a microcomputer, and it incorporates new system- 
software application so that it may mention later. The system software is expressed by the software 
application or module beyond one or it loaded to memory 71 from I/O device 74, for example, the MAG, or 
an optical disk drive, a diskette, or a tape. The system software is realizable in alternative as firmware 
stored in read-only memory (ROM) 73 and a prototype. As such a thing, the cluster tool control software 
of this invention is storable in the medium in which one or the computer read beyond it is possible. Finally, 
once it loads a software application, a processor 72 will perform this new software in memory, and will 
realize a cluster tool sequencer. Generally, a processor 72 can be used as the 680x0 mold manufactured, 
one, for example, Motorola, of the microprocessor of marketing of arbitration. 
[0024] 

It plans realizable as a circuit device in which some of process processes discussed as a software process 
here collaborate with a microprocessor in hardware, and various process processes are performed, the 
process realized by software although the control device is drawn as a general purpose computer 
programmed to perform various scheduling routines — application — it is realizable as hardware, such as a 
specific integrated circuit (ASIC) or a discrete circuit component. As such a thing, the process process 
indicated here has the intention of what is interpreted broadly as what is equally performed with the 
combination of software, hardware, or those arbitration. 
[0025] 

Sequencer software is multitasking and is divided into the real-time task orientation module called with 
interruption system from the timer which generates a periodical alerting signal. As shown in drawing 2 , 
basic sequencer software contains the sequencer task module 200, the screen task module 202, the low- 
speed task module 204, the chamber task module 206, and the buffer chamber task module 208. When 



called, each modules 200-208 complete interruption and those processings to processing of a low-speed 
module more, and return at the exit point of the last of the routine subsequently interrupted. By this 
conventional multitasking hierarchy actuation, more important actuation can be processed in the real time, 
without having serious effect for processing on other tasks in a system; When other modules publish the 
command with which it performs during processing of the module ordered later changing the DS to be used 
or during the processing to another module by leaving other messages or data for modules respectively to 
the outlet, as for the above-mentioned modules 200-208, which of other modules can communicate. 
[0026] 

Generally, the sequencer task module 200 controls sequencing of wafer manufacture or the process for 
every process including a process recipe program and a washing recipe program. A module 200 operates 
based on the DS which indicated the sequence and chemical preparation of a process of the wafers loaded 
into load locks 24 and 26, those processes, and a washing recipe, i.e., various chambers, i.e., a wafer 
sequence list, (WOL). A process and a washing recipe are respectively related with the specific wafer of 
WOL through another DS (WMDS), i.e., wafer management data structure, by the pointer to information. 
The sequencer task module 200 which operates based on the information on WOL and WMS publishes a 
command to a chamber task module so that the process process of the specific process recipe for a 
specific chamber or a washing recipe may be performed to right time amount. A wafer moves various 
chambers with the sequencer task module 200 which operates based on the DS which indicates that 
migration actuation of a system agrees in the chemical preparation of a specific chamber, i.e., a wafer 
migration queue, (WMQ). When a wafer is in WMQ, a sequencer module is ordered to the buffer task module 
208 to perform migration by control of the entrance slit bulb of a chamber, and the wafer transport station 
82. 

[0027] 

The chamber task module 206 deals with various recipes and the washing recipes for the integrated-circuit 
process on a wafer including starting of actual control of a vacuum valve, various ionization processes of a 
chemical, and RF power source etc. The chamber task module 206 supervises and controls the process 
which happens by the specialized processing chamber by the actuation based on DS (CDS), i.e., chamber 
DS. 
[0028] 

The screen task module 202 makes it possible to leave a message or a command during those activation, 
before it programs the data of specification [ an operator ] in the DS of other modules and they are 
performed by the task module (or other program objects) by the interactive approach. One of the bodies of 
the screen task module 202 is an interactive text editor, and he is enabled to input data and a command, or 
for an operator to edit through an operator interface or a display, and to store them in the control for a 
process, and an administrative module (not shown). The screen task module 202 makes it possible to 
display a condition with various operators, an alarm, and surveillance intelligence during activation of the 
automatic-control sequence of a system 10 again. 
[0029] 

The low-speed task module 204 is also formed in order to supervise the specific task of the system 
performed comparatively at a low speed and to take timing. For example, the RF coil of a specific chamber 
was energized or the washing time amount of a chamber can be supervised by determining the amount of 
the active time amount. 
[0030] 

Here, the DS used by process control is explained more to a detail in relation to 6 from drawing 3 . WOL 
DS is indicated by the detail by drawing 3 . Wafer sequence lists are two or more information blocks 1 and 
2... It has n and one of the wafers by which the current plan is carried out so that it may be processed into 
each by the wafer processing system 10 is indicated. Each information block 1, for example, the block 
displayed as 210, contains the lot number to which the wafer identification number and it which identify a 
wafer uniquely belong, the wafer management blocks 1 and 2 corresponding to [ an information block 210 
controls processing of a wafer further, and ] the information block 210 of a wafer sequence list, and ... the 
pointer to WMD ( drawing 6 ) which has n is included further. There are the two flag fields behind these 
fields. A thing for one to identify a wafer as a process wafer by which the deadlock was carried out, and 
another are for a deadlock being carried out and identifying it as a wafer (prior orientation) by which 
orientation was carried out. The field of the last of an information block 210 is a group chamber mask 



which identifies the group of a processing chamber who can construct the processing schedule of a wafer. 
The remaining information blocks 2 and 3 of WOL ... n is constituted like an information block 210 and 
includes the information about the remaining wafer processed with a cluster tool. 
[0031] 

Wafer management data structure is indicated in detail by drawing 6 , and is structurally similar to the 
wafer sequence list. WMD — the wafer management blocks 1 and 2 and ... it has n, and each corresponds 
to each WOL information block, therefore it corresponds to a specific wafer. The field of the wafer 
management block 1, for example, the block displayed as 216, contains the lot number and wafer 
identification number of a wafer. In addition to it, a Status field indicates a process condition. Furthermore, 
there is program sequence discernment which indicates the washing recipe matched with the process 
recipe of a wafer and it. The field of the last of the wafer management block 216 records the cassette 
number and slot of the supply source with which a wafer starts the process. Ideally, such a supply source 
slot is a slot to which a wafer is returned after processing. The remaining wafer management blocks 2 and 
3 of WMDS ... n is constituted like the wafer management block 216, and includes the information about the 
remaining wafer in a system 10. 
[0032] 

WMQ DS is indicated in detail by drawin g 4 . the identifier blocks 1 and 2 of a large number including the 
field which identifies the wafer which a wafer migration queue is a list of wafers which need migration, and 
should move, and its moving trucking (a supply source and destination), and ... it consists of n. The 
identifier block 1 displayed as 212 has one and the supply source for memorizing the pointer to the wafer 
information block in the wafer sequence list which identifies the wafer which should move and a destination 
processing chamber, or the field including two another fields for identifying the slot of an elevator or a. 
cassette, when a supply source or a destination is a cassette or a load lock. The remaining identifier blocks 
2 and 3 of WMQ DS ... n is constituted like the identifier block 212 and contains the same data of the wafer 
of an and also [ migration is the need ]. 
[0033] 

Chamber DS is indicated in detail by drawing 5 . Chamber DS is a list of processing chambers and those 
conditions, chamber DS — much condition blocks 1 and 2 and ... consisting of n, the condition block 1 
displayed as 214 includes the field which identifies the remaining time amount of the recipe process under 
activation by the chamber in the figure of a meaning, and its chamber. Another field is used as a flag in 
which it is shown [ under an activity of a chamber or ] whether it is vacant, and when set, it shows that a 
chamber is using it and the process recipe process or the washing recipe process is performed. Since the 
specific chamber has processed the wafer of the number only of which since washing of the last or the 
number of wafers is stored, the last field is used. The remaining condition blocks 2 and 3 of processing 
chamber DS ... n is constituted like the condition block 214 and contains the same data about other 
chambers in a system. 
[0034] 

Here, in relation to drawing 7 , the sequencer task module 200 containing the pre sequencer constituted 
according to this invention is explained in more detail. The main program 218 of a sequencer task module is 
a list of routines performed every 50ms. Generally, the task module 200 is block 220, processes the 
incoming message from other routines, data, or a command, and starts it by updating the information from 
other routines which is needed in order to perform the following task. 
[0035] 

With block 222, **** of a process, and in order to mainly reduce or remove the deadlock of a wafer, a 
module 200 foresees the point, constructs the migration schedule of the wafer between 30 from the 
above-mentioned processing chamber 16, and performs the dynamic read-ahead routine or pre sequencer 
which determines priority. It becomes possible for a system 10 to use a chamber more effectively and to 
raise the throughput of a cluster tool by this prior sequencing. 
[0036] 

The dynamic read-ahead program 222 investigates the wafer sequence list used in order that the 
sequencer task module 200 may set the sequence of processing in order, and determines which wafer 
within a sequence will cause the problem on a throughput in the future. A program changes the sequence 
of the wafer discernment data in a wafer sequence list, and a wafer migration queue, and eases or removes 
these problems from the list of problem wafers with which it was identified within the sequence. As for 



migration of the wafer for reducing these problems, the correction to be migration before migration of 
which type of wafer has priority determined by whether a throughput is improved most and performs 
processing after it is made. Since the pre sequencer routine 222 is performed every 50ms, once a problem 
is identified, it will be corrected in an instant. 
[0037] 

After it publishes a command to the buffer chamber task module expressed by block 224 and a wafer 
moves to those suitable chambers, a command is published by the chamber task module of block 226 so 
that either the process recipe of a wafer or the washing recipe of a specific chamber may be set in order, 
so that the sequencer task module 200 after WMQ and WOL, or the required information on other were 
updated may move a wafer by the sequence beforehand defined as demarcated by WMQ. As such a thing, a 
chamber task starts with block 228. Once a chamber task starts, the task sequencer module 200 will be 
dormant with block 229, and will wait for the following alarm clock call. 
[0038] 

The more detailed functional flowchart of the dynamic read-ahead routine 222 is indicated from drawing 8 
a to 8g. It is the general function of the pre sequencer program expressed with block 222 being explained 
by drawing 8 a in full detail, and the 1st function of the block 230 there foreseeing the point of a wafer 
sequence list, and looking for a sequence medium deadlock wafer. Although these are ready for completing 
a part of those processings and moving to the following processing chamber, they are the wafers with 
which it became clear that the following processing chamber was using it. However, even if they stagnate a 
system by not opening the processing chamber or resource with which current arrangement of them is 
carried out again, they are. This produces the possibility of a deadlock stopped until this and the 
substantial part of the possible floor to floor time of other wafers become as [ receive / the destination 
chamber of the wafer / a deadlock wafer ] (available). The solution of this problem is returning it to the 
position in readiness of a system 10 preferably at a load lock chamber until it takes out the wafer which 
carried out the deadlock from that supply source processing chamber and the destination chamber of that 
wafer becomes available. Thereby, while the deadlock wafer is waiting for the destination chamber, it 
becomes possible to process other wafers by the opened supply source chamber. A load lock is the 
example of a position in readiness. A deadlock wafer can be temporarily arranged to the process chamber 
which is not used or the special position-in-readiness chamber which can be used. A position-in-readiness 
chamber can include the wafer elevator for storing two or more deadlock wafers which are waiting for the 
processing chamber. 
[0039] 

The next function of block 232 is investigating whether there being any wafer [ finishing / orientation ] 
which foresaw the point of a wafer sequence list and carried out the deadlock into the orientation chamber 
30. Although these are ready for completing orientation and moving to the following processing chamber, 
they are the wafers with which it became clear that the following processing chamber was using it. 
However, by not opening for other wafers' processing of the orientation chamber which contains the 
orientation finishing wafer which carried out the deadlock again, even if they stagnate a cluster tool, they 
are. This produces the possibility of a deadlock which many of possible processings of the wafer of this and 
others stop until it comes to be able to perform preparation whose destination chamber receives an 
orientation finishing wafer. The solution of this problem is the position in readiness of a system 10, and 
returning to a load lock preferably about it until they take out again the wafer which carried out the 
deadlock from the orientation chamber 30 and can use a destination chamber. While the orientation 
finishing wafer which carried out the deadlock is waiting for migration to a destination chamber by this, it 
becomes possible to carry out orientation of other wafers by the opened orientation chamber. The 
following two functions in blocks 234 and 236 are the same. They foresee the point of WOL, investigate 
whether there are any process wafer and returned orientation finishing wafer returned to the position in 
readiness or the load lock, and reconstruct those schedules for future processing. 
[0040] 

Once it is attained discernment of a problem wafer (what is easy to become deadlock voice), and that a 
schedule reconstructs (a) Return the wafer which carried out the deadlock to a load lock, and other wafers 
are moved to the processing chamber or orientation chamber by which (b) release was carried out. And 
motion of the wafer transport station 82 for moving the wafer with which the schedule of others containing 
the load lock wafer which reconstructed the (c) schedule was carried out can attach priority by examining 



the class of wafer with block 238. The class of wafer contains the wafer which carried out the deadlock, 
the wafer which carried out orientation, the wafer of sequence medium, and a prototype. A trial shows 
clearly what kind of wafer is listed by the wafer migration queue, and, subsequently is reorganized based on 
the class of wafer which wafer discernment data should move. For example, although the wafer of 
sequence medium which carried out the deadlock is orientation ending, it has priority higher than a raw 
wafer. Furthermore, although it is orientation ending, a raw wafer has priority higher than the wafer which 
must still be picked out from a load lock, although orientation is not carried out. After attaching priority to 
a wafer migration queue, the wafer within a queue moves to each of those destination as it is shown in 
block 240. 
[0041] 

From now on, the detail routine which realizes the block 230 of drawing 8 a in order to identify the wafer of 
sequence medium in which the deadlock was carried out by the identification read ahead is explained in 
more detail in relation to drawing 8 b. Although all the wafers in a wafer sequence list are inspected by the 
routine of drawing 8 b before they return to main routine, they indicate the process of only one wafer for 
**** to a term ** sake. It is determined whether a routine has the destination chamber of a large number 
which can read chamber discernment of the chamber (supply source chamber) containing the present 
wafer first with block 242, and can receive a wafer at the process of whether it is a group chamber and a 
degree that is,. If a chamber is not a group chamber, a routine will use the found specific chamber ID 
number, and will progress to block 246. When chamber discernment shows that the wafer is contained in a 
group chamber, a chamber available next is chosen in a group by reading the remaining time amount of a 
recipe with block 244 by investigating the chamber DS of each chamber of the group. A program continues 
discernment of a supply source chamber, and discernment of a destination chamber within block 246, and it 
is determined whether a destination chamber is available to the next migration. The availability of a 
destination chamber is examined by the busy status flag of chamber DS, and the residual time of the recipe 
field. 
[0042] 

When a chamber is available, wafer discernment data are inputted into wafer migration queue DS with block 
252, and if it is the entry of the last of the wafer sequence list which this should investigate, a program will 
return. When a chamber cannot be used, with block 250, a deadlock flag is set to the specific wafer, and 
discernment of the following processing chamber which is under activity now is saved on a wafer sequence 
list. Subsequently to a load lock the destination chamber field of the wafer is changed, and wafer 
discernment data are inputted into a wafer migration queue with block 252. As such a thing, a wafer moves 
to a load lock after activation of a buffer chamber task module. If all the wafers of WOL are examined, a 
routine will return to a main task module after that. 
[0043] 

The detailed routine which realizes the block 232 of drawing 8 a in order to identify the orientation finishing 
wafer in which the deadlock was carried out by the dynamic read ahead is explained in more detail in 
relation to drawing 8 c. Although all the wafers of a wafer sequence list are inspected by the routine of 
drawing 8 c before they return to main routine, they indicate the process of only one wafer for **** to a 
term ** sake. It is determined whether a routine has the destination chamber of a large number which can 
read chamber discernment of the chamber (supply source chamber) containing the present wafer first with 
block 254, and can receive a wafer at the process of whether it is a group chamber and a degree that is,. If 
a chamber is not a group chamber, a routine will use the found specific chamber ID number, and will 
progress to block 258. When chamber discernment shows that the wafer is contained in a group chamber, a 
chamber available next is chosen in a group by reading the remaining time amount of a recipe with block 
256 by investigating the chamber DS of each chamber of the group. A program continues discernment of a 
supply source chamber, and discernment of a destination chamber within block 258, and a destination 
chamber determines whether it is available as the migration to which the schedule of the degree was 
carried out. The availability of a destination chamber is examined by the busy status flag and the recipe 
residual time field of chamber DS. 
[0044] 

It examines with block 260, when the following chamber is available, wafer discernment data are inputted 
into wafer migration queue DS with block 264, and if it is the entry of the last of the wafer sequence list 
which this should investigate, a program will return. When a chamber cannot be used, with block 262, a prior 



orientation flag is set to the specific wafer, and discernment of the following processing chamber which is 
under activity now is saved on a wafer sequence list Subsequently to a load lock the destination chamber 
field of the wafer is changed, and wafer discernment data are inputted into a wafer migration queue with 
block 264. As such a thing, a wafer moves to a load lock after activation of a buffer chamber task module. 
If all the wafers of WOL are examined, a routine will return to the block 232 of drawing 8 a after that. 
[0045] 

After processing a sequence medium wafer and an orientation finishing wafer, it moves from a routine to 
drawing 8 d, and a routine does not have the returned process wafer and the returned orientation finishing 
wafer, or inspects a wafer sequence list, and reconstructs those schedules towards the original destination 
chamber here. The routine of drawing 8 d follows and realizes the process of the approach expressed by 
the blocks 234 and 236 of drawing 8 a. About all the wafers in a wafer sequence list, a routine performs the 
group of steps 266-278, and starts him by examining whether the information block by which is block 266 
and current addressing is carried out by the wafer sequence list identifies the 1st wafer. Next, a routine 
opts for discernment of the chamber in which the wafer by which current addressing is carried out is 
located with block 268. Chamber ID is examined with block 270 next, and it is determined whether it is a 
load lock chamber. When that is not right, a program moves to the following wafer by moving to the trial of 
block 278. However, it may be the returned wafer when a wafer is in a load lock. A sequence medium flag is 
examined with block 272, an orientation finishing flag is examined with block 274, and it is determined 
whether either is set or not. When one of flags is set, this is a returned wafer which is waiting for a 
schedule to reconstruct. Moving from the following process to drawing 8 e, this realizes the schedule **** 
repair routine called by block 276. When it is shown by the trial of blocks 272 and 274 that the deadlock 
flag is not set, as for a program, the next information block of a wafer sequence list is inspected by blocks 
278 and 280 return and there. After all the wafers of a wafer sequence list are inspected, a program 
returns to the block 234 of drawing 8 a, or 236 then. 
[0046] 

Drawing 8 e shows the flow chart of the routine which realizes the wafer schedule **** repair process of 
the block 276 of drawing 8 d. It is determined whether a routine has the destination chamber of a large 
number which can read chamber discernment of the chamber (supply source chamber) containing the 
present wafer first with block 282, and can receive a wafer at the step of whether it is a group chamber 
and a degree that is,. The identification information of a group chamber is contained in a group mask. If a 
chamber is not a group chamber, a routine will use the found specific chamber ID number, and will progress 
to block 286. When chamber discernment shows that the wafer is contained in a group chamber, a chamber 
available next is chosen in a group by reading the residual time of a recipe with block 284 by investigating 
the chamber group mask and the chamber DS of each chamber (that is, when the close chamber is in a 
group mask). With block 286, a routine inspects chamber DS and it is determined whether a destination 
chamber (target) is available. It refers for whether the target chamber of a routine is available with block 
288. When enquiry is answered in the negative, a routine returns to the block 276 of drawing 8 d. Therefore, 
a wafer does not rehave a schedule constructed but it must wait for it so long. When enquiry of block 288 
is answered in suitable, a routine goes into block 290 and updates WMQ DS. As such a thing, a wafer 
moves to the chamber for processing from the position in readiness of a load lock after activation of the 
following buffer chamber task. Next, a routine returns to the block 276 of drawing 8 e. 
[0047] 

After identifying the sequence intermediate-processingHntermediate-treatment wafer by which the 
deadlock was carried out, and the orientation finishing wafer by which the deadlock was carried out, 
reconstructing the schedule of the migration, and identifying the returned sequence medium wafer and the 
wafer by which prior orientation was carried out and reconstructing the schedule of the migration, a 
program determines the priority of a wafer migration queue. The functional flowchart where the step of this 
process is detailed is described in more detail to drawing 8 f which realizes the block 238 of drawing 8 a. A 
wafer migration queue begins a process and a washing recipe, a pre sequencer, a screen task module 
(operator control), and a prototype, and is loaded in random sequence from various programs with the need 
of moving a wafer. The routine of drawing 8 f redoes sequencing of these migration, attaches priority to 
**** which may be generated in a process, and prevents the lock out. Sequencing of a wafer sequence list 
is redone and the raw wafer in a load lock is put on a wafer [ finishing / the sequence medium when the 
sequence medium and orientation finishing wafer by which was set to the second in the washing wafer, and 



the deadlock was carried out in the first place / of priority / to the third in the processed wafer was 
returned in the load lock by the fourth, and orientation ], and the fifth. Since the processing chamber which 
needs washing is not stopped by this approach, that chamber becomes available by the time amount in 
which the shortest is possible. Furthermore, the completed process wafer can be picked out from a 
system, or can be moved to the following step, and a resource can be released by it for other wafers which 
should move by the second priority. A wafer [ finishing / the sequence medium by which the deadlock was 
carried out, or orientation ] moves by the third priority, and releases a specific processing chamber or a 
specific orientation chamber, respectively. Subsequently, the returned orientation finishing wafer and the 
returned sequence medium wafer move using the interval of a schedule which may happen, and completes 
processing in these wafers. Finally, the raw wafer in a load lock is the tail end of a migration queue. 
Thereby, a new wafer does not create a new schedule until other wafers processed selectively are 
processed. The minimum migration of a wafer is planned by this approach, and through processing 
effectiveness improves remarkably. 
[0048] 

As a matter of fact, the program of drawing 8 g generates a command to a buffer chamber task module so 
that a wafer may be moved, and it realizes the block 240 of drawing 8 a as such a thing. After redoing 
sequencing of WMQ, migration of the wafer of a list is started. Sequential addressing of each entry of a 
wafer migration queue is carried out with block 302, and a command is taken out by the buffer task module 
so that the specific wafer for [ current ] an interest may be moved, a ******** [ that a routine is block 
304 and it is a wafer / finishing / the sequence medium to which the wafer was returned by investigating 
wafer discernment data with the flag of a wafer sequence list, or orientation / after the wafer migration 
command to the wafer of a list is taken out ] — and it is determined whether the supply source chamber 
of the wafer is a load lock. When both conditions are fulfilled, it was determined as what kind of wafer, or 
(that is, is a wafer the wafer by which the deadlock was carried out, and a wafer by which prior orientation 
was carried out also to it?) a prior orientation flag or a deadlock flag is reset by the wafer sequence list 
with block 306. After clearing these flags, a program is block 308 and it is determined whether this is the 
wafer of the last of a wafer migration queue. If it is not the last wafer, a program will publish return and 
another wafer migration command to block 302. After the last wafer command is published, a program 
returns to the block 240 of drawing 8 a. 
[0049] 

The buffer chamber task module 208 explained further in full detail in the functional flowchart of drawing 9 
a to 9b is a program which controls the wafer transport station 80 and performs migration of the wafer 
between a processing chamber and a load lock. The buffer chamber task module 208 is called with 
interruption system every 20ms, and performs this actuation together with the task of others relevant to a 
buffer chamber. When it is determined that the buffer chamber task module 208 will have the command 
which moves a specific wafer with block 310, it calls the wafer migration program 312, in order to attain the 
task. As the above-mentioned [ the wafer migration program 312 ], a transport station 82 lifts a wafer from 
the supply source chamber, and controls moving it to the destination chamber. This program controls 
closing motion of the entrance slit valve of a chamber again, makes migration possible if needed, and 
attains the separation under processing and washing. After a program receives a wafer migration command 
according to another description of a pre sequencer, it examines whether a destination is a slot in a 
cassette. When this trial is truth, a pre sequencer foresees the point of a wafer migration queue, 
determines whether there is any another wafer connected to the load lock, and makes the slit valve of a 
load lock as [ open beam ] after exchange of a wafer with block 316. Two or more wafer exchange can be 
attained as such a thing, without opening and closing the slit valve of a load lock at every exchange. Then, 
after a routine progresses to block 31 7 and completes other tasks there, it returns at the interruption exit 
point. 
[0050] 

The detail chart of the routine of drawing 9 b realizes step 316 of drawing 9 a. First, it is block 320, a 
program determines whether a wafer is in a wafer migration queue more, and if there is nothing, it will 
return a negative indicator to the wafer migration program 312. If it is, the following wafer will be examined 
with blocks 322 and 324, and it will be investigated whether the supply source cassette discernment is 
equal to the wafer cassette discernment for which it comes on the contrary. When a trial is answered in 
suitable, a routine determines the current location of the following wafer there following block 326. After 



determining the current location of a wafer, it examines whether a program is equal to the cassette 
discernment for which it is [ discernment ] block 328 and the location comes on the contrary. In the case 
of yes, a program returns an affirmative response to a wafer migration program. When that is not right, it 
investigates whether a program relapses into block 320, examines a wafer migration queue there, and has a 
wafer more. The flag in which it is shown that the wafer by which the schedule was carried out is in a wafer 
migration list is generated by the wafer migration program so that it may be arranged at the load lock and 
may take out from a load lock by this, and the schedule of the current wafer is carried out so that it may 
move to a load lock. A slit valve door must be opened in order that close may move the wafer to which it 
comes to a load lock, and it is intentionally made as [ open beam ] so that there may be no need of closing 
only in order to transport after that the wear which a wafer migration program leaves and to open again 
later. Since there is the most amount of wafer migration in a load lock, with prior sequencing, especially 
this refined time amount economization raises the effectiveness of a load lock mechanism, and falls wear. 
[0051] 

Although this invention was explained in relation to the suitable operation gestalt, it does not mean 
restricting this description to the specific gestalt which specified the range of this invention, and has the 
intention of covering all the alternative examples included in the pneuma of this invention demarcated by 
the claim reversely [ that ], and within the limits, a modification, and an equal object. 
[Brief Description of the Drawings] 
[Drawing 1] 

It is the outline top view of the multi chamber processing system which operates according to this 

invention. 

[ Drawin g 2] 

It is the pictorial system flow chart of the process control program of the control unit shown in drawin g 1 . 
[ Drawin g 3] 

It is the tabular format expression of the wafer sequence list data structure used by the process control 
program shown in drawing 2 . 
[Drawing 4] 

It is the tabular format expression of the wafer migration queue DS used by the process control program 
shown in drawing 2 . 
[Drawin g 5] 

It is the tabular format expression of the chamber DS used by the process control program shown in 
drawing 2 . 
[Drawin g 6] 

It is the tabular format expression of the wafer management data structure used by the process control 
program shown in drawing 2 . 
[Drawing 7] 

It is the detail chart of the sequencer task module of the process control program shown in drawing 2 . 
[Drawing 8 a] 

It is the detail chart of the read-ahead capability of the sequencer task module shown in drawin g 7 . 
[Drawing 8 b] 

It is the detail chart of the read-ahead capability of the sequencer task module shown in drawin g 7 . 
[Drawing 8 c] 

It is the detail chart of the read-ahead capability of the sequencer task module shown in drawing 7 . 
[Drawing 8 d] 

It is the detail chart of the read-ahead capability of the sequencer task module shown in drawing 7 . 
[Drawing 8 e] 

It is the detail chart of the read-ahead capability of the sequencer task module shown in drawing 7 . 
[Drawing 8 f] 

It is the detail chart of the read-ahead capability of the sequencer task module shown in drawin g 7 . 
[Drawing 8 g] 

It is the detail chart of the read-ahead capability of the sequencer task module shown in drawing 7 . 
[Drawing 9 a] 

It is the detail chart of the buffer chamber task module of the process control program shown in drawing 



[Drawing 9 b] 

It is the detail chart of the buffer chamber task module of the process control program shown in drawing 
2. 
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TECHNICAL FIELD 
[Field of the Invention] 

This invention relates to the multi chamber semi-conductor wafer processing system which has two or 
more processing chambers in more detail about an integrated-circuit wafer processing system. 
[0002] 
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PRIOR ART 



[Description of the Prior Art] 

The multi chamber semi-conductor wafer processing system (known as a cluster tool) which can perform 
two or more processes sequential and simultaneous to works, such as a semi-conductor wafer, is shown at 
U.S. Pat. No. 4,951,600 (Maydan I) published by Maydan and others and U.S. Pat. No. 5,292,393 (Maydan II) 
similarly published by Maydan and others, and includes these disclosure in this application description by 
reference. 
[0003] 

Maydan I and Maydan The cluster tool indicated by II is an integrated vacuum processing system which 
contains fundamentally one or the load lock chamber beyond it, a migration chamber, and two or more 
vacuum processing chambers currently connected to the load lock chamber and the migration chamber 
through the slit which can be closed selectively [ each chamber ]. One arranged in a chamber or the 
chemical vapor deposition of the wafer beyond it, physical vacuum evaporationo, dirty processing, rapid 
heat annealing, etc. can fit each processing chamber so that one or integrated-circuit processing beyond it 
may be performed. The load lock chamber has incorporated the external wafer elevator fitted so that a 
wafer might be arranged at the inlet port of a load lock chamber, and the internal elevator fitted so that a 
wafer might be moved to the location or migration location contiguous to the outlet of a load lock chamber. 

[0004] 

The wafer transport station arranged in the center is attached in a migration chamber, and, generally 
contains a level wafer maintenance blade. A wafer transport station performs revolution of a blade, 
expanding, and level luffing motion, and arranges a blade to an external elevator, an internal elevator, and a 
processing chamber selectively. 
[0005] 

In the usual processing mode, process control equipment transports a wafer to the maintenance plate of an 
internal elevator through the inlet port of one load lock from the slot in the migration cassette of an 
external elevator. After a wafer is loaded into a cluster tool, the inlet port of a load lock is sealed. 
Subsequently, a load lock, a migration chamber, and a processing chamber are exhausted with a pump by 
even the vacuum level for processing. A real-time automatic process sequencer starts, the 1st wafer is 
moved to a processing chamber, the inlet port is closed, the processing is started, the 2nd wafer is moved 
to a processing chamber, the inlet port is closed, and the processing is started. The multi chamber 
continuation sequential process of two or more wafers is attained by planning the path of the wafer 
between processing chambers while a cluster tool is closed and being in a vacua by that cause. If 
processing of a wafer is completed, it will usually be returned to the specific plate of an internal elevator 
until processing of all the wafers in a specific lot is completed and is returned. Subsequently, a cluster tool 
is opened by atmospheric air and a wafer is taken out by the migration cassette of an external elevator. 
[0006] 

Adjustment and control of the chemical preparation of the element of a multi chamber processing system 
are offered by the real-time multitasking control program which makes possible interactive user input and 
system monitoring. Generally, a sequencer task module reads a wafer sequence list including the 
discernment and process recipe, or sequence of each wafer on an internal elevator maintenance plate, and 
plans the chemical preparation performed migration of the wafer between processing chambers, and there. 



[0007] 

If the processing chamber of the recipe sequence of a wafer becomes available, a wafer will be processed 
next from a degree in order of a wafer sequence list. Although this often functions theoretically, depending 
on the case, a wafer will be in a "deadlock" condition by the process sequence. This is usually generated, 
when [ to which the process recipe of a specific wafer continues after short-time down stream 
processing ] down stream processing of long duration is included all the time. Although a short-time 
process process is planned and is completed comparatively promptly, when migration to a processing 
chamber is tried in the case of a long duration process process, a wafer is interrupted by the destination 
processing chamber in "under an activity" or processing mode for the same wafer before that. If this 
occurs, both chambers (a supply source and destination) will be as a matter of fact among the time amount 
of the die length of a process for a long time in "a condition in use, i.e., the condition for processing after it 
which cannot be used," for the die length of prolonged processing. The deadlock of the wafer in the 
chamber of a supply source is carried out literally, and it waits for the destination chamber of a wafer to 
become available. 
[0008] 

Also in the case of a short process, this generates an orientation process etc. intrinsically again. Although 
an orientation process can be performed comparatively promptly, subsequently a wafer waits repeatedly for 
the following processing chamber in a process sequence to become available within an orientation chamber. 
This blocks using an orientation chamber for other regularly processible wafers, when prior orientation is 
carried out and the following processing chamber in a process sequence is subsequently being able to use. 
This prior orientation becomes economization of most time amount at the subsequent process in a process 
sequence later. 
[0009] 

Therefore, in order to reduce or avoid the situation which carried out the deadlock, the approach and 

equipment which reconstruct the schedule of a system resource are required technically. 

[0010] 
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MEANS 



[Means for Solving the Problem] 

This invention offers the multi chamber processing system equipped with the multitasking control 
containing the process sequencer which can identify the workpiece or wafer which foresaw and carried out 
the deadlock of the point of a process sequence. Once the wafer by which the deadlock was carried out is 
identified, it will be removed from a real-time sequence process by returning it to a load lock preferably by 
transporting the wafer to the position in readiness in a system. The wafer by which the deadlock was 
carried out is a load lock, and when the resource becomes available, it waits to be carried out [ with which 
a schedule is reconstructed so that it may be sent to the original destination chamber ]. 
[0011] 

Therefore, since a system throughput is increased remarkably, this invention offers the approach and 
equipment for canceling lock out of the resource of a multi chamber processing system (that is, cluster 
tool) by using a pre sequencer. With one operation gestalt of this invention, the wafer of the identified dead 
lock status is a wafer of sequence medium which ended one of the processing process of the, and is 
waiting to be transported to a destination chamber for the following processing process by the supply 
source chamber. A destination chamber makes a system resource blockade by making the supply source 
chamber into the busy condition, while waiting to become available, and probably does not delay other 
wafers beyond one or it, and a wafer moves the wafer of sequence medium which carried out the deadlock 
to a position in readiness. For example, a wafer is moved to the internal elevator of a load lock. After 
migration, a supply source chamber becomes usable, in order to continue processing of other wafers in a 
system. Subsequently, this invention reconstructs the schedule of the wafer currently held in the position 
in readiness, when a destination chamber becomes available. 
[0012] 

With the 2nd operation gestalt of this invention, this invention identifies the wafer with which orientation of 
[ in an orientation chamber ] was carried out as a wafer by which the deadlock was carried out. That is, 
since the 1st processing chamber of the process recipe is using [ be / it ] it (utilization is impossible), the 
wafer is not processible. As compared with almost all chemical preparation, for short time amount required 
for an orientation process, an orientation chamber may serve as main sources of release of a deadlock 
wafer, and all the throughputs of a system may be reduced. I hear that almost all wafers must pass an 
orientation chamber, and another reason an orientation chamber becomes a problem has them, and if this 
does not use an orientation chamber more effectively, it becomes the cause which causes delay. This 
invention solves this problem by discriminating the wafer with which orientation of [ in the orientation 
chamber which that following destination chamber is using ] was carried out from a deadlock wafer, and 
returning the wafer by which orientation was carried out to a load lock or the convenient wafer position in 
readiness of a certain others. Thereby, a system continues using an orientation chamber more effectively 
and it becomes possible to increase a throughput. 
[0013] 

With the 3rd operation gestalt of this invention, when all processing chambers are using it, this invention 
carries out orientation of the wafer in the load lock which is waiting to be processed first, and then offers 
preferably a position in readiness and the prior orientation process returned to a location at those 
beginning in a load lock, therefore, since the sequence is changed in order to raise the effectiveness of a 
system even if the orientation process of a specific wafer is performed where of the usual process 



sequence, in order to save the processing time, it can come out and perform excluding it. 
[0014] 

With the operation gestalt which this invention illustrated, these approaches can be performed by the 
process control sequencer which controls the cluster tool containing the load lock chamber, the migration 
chamber, the buffer chamber, the orientation chamber, and two or more vacuum processing chambers 
beyond one or it, for example, the programmed general purpose computer. Each processing chamber is 
adapted so that one or integrated-circuit processing beyond it (recipe) on a wafer may be performed. The 
wafer transport station arranged at the core of a migration chamber is used in a wafer in order to move 
between various chambers, so that a multistage story processing sequence may be promoted. 
[0015] 

[Embodiment of the Invention] 

If the following detailed description is combined with an attached drawing and read, these of this invention 
and the other objects, a mode, and the description will be understood more clearly, and will more often be 
explained. 
[0016] 

In order to promote an understanding, the same element common to a drawing is shown using a same 

reference figure, when possible. 

[0017] 

Drawing 1 is the top view of the suitable operation gestalt of the multi chamber semi-conductor wafer 
processing system 10 (cluster tool) which operates according to this invention. A cluster tool is fitted so 
that vacuum processing of the workpieces, such as a silicon wafer for the integrated circuits of a very- 
large-scale-integration (VLSI) mold, may be carried out especially. The cluster tool 10 equips the sealed 
general target which has eight side attachment walls 13 which demarcate the vacuum migration enclosure 
or a chamber 14 with the main frame or housing 12 of an octagon. 
[0018] 

The cluster tool 10 contains four processing chambers (PC1-PC4) 16, 18, 20, and 22, the migration 
chamber 14, the buffer chamber 28, the wafer orientation chamber / degasifying chamber 30, and one pair 
of load lock chambers 24 and 26. Each processing chamber expresses the phase or phase from which 
semi-conductor wafer processing differs. In this disclosure, it is considered that the buffer chamber 28, 
and the wafer orientation chamber / degasifying chamber 30 are the processing chambers of a special 
class. Therefore, a chamber is only the vocabulary "a processing chamber" or a thing which includes the 
chamber of all the forms in an accessible cluster tool according to a transport station. 
[0019] 

In order to realize wafer migration between these chambers, the migration chamber 14 includes the 1st 
robot type transport station 82, for example, a single blade robot, (SER). Generally, a wafer 15 is put into 
the migration cassette 25 made from plastics of a load lock chamber arranged in 24 or 26 one, and is 
carried in a system from a storage area. The robot type transport station 82 transports every one wafer 15 
to a wafer orientation chamber / degasifying chamber 30 from a cassette 25 at once. Generally, the buffer 
chamber 28 is not used until a wafer is processed within one or the processing chambers 16, 18, and 20 
beyond it, and 22. Each wafer is carried and carried by the wafer migration blade 86 arranged in the far 
edge 84 of the robot device 82. It expands and contracts so that it may be expressed by the arrow head 
88, and although the condition of having contracted is shown, this device is rotated so that it may be 
expressed by the arrow head 90. The orientation of migration is controlled by the control unit 70. 
[0020] 

A control unit 70 controls processing and wafer migration which are performed by the cluster tool 10. A 
control device includes exchange circuits, such as memory for storing a microprocessor (CPU) and a 
control routine and a power unit, a clock circuit, and cache **. A control device 70 also contains I/O 
peripheral devices, such as a keyboard, a mouse, and a display, again. A control device 70 is a general 
purpose computer which performs sequencing and scheduling which promote processing and migration of a 
wafer. The software routine which controls a cluster tool is stored in memory, and in order to promote 
control of a cluster tool, it is performed by the microprocessor. 
[0021] 

A control device 70 directs a transport station according to a process schedule, and arranges a wafer to 
the processing chambers 16, 18, 20, and 22. In order to promote migration of such a wafer, the migration 
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chamber 14 is enclosed by four processing chambers 16. 18, 20, and 22, and can access them. If 
processing is completed within a processing chamber, a transport station 82 will move the completed wafer 
from a processing chamber, and will transport a wafer to the buffer chamber 28. A wafer is taken out from 
a buffer chamber next and arranged at the load lock chambers 24 or 26. 
[0022] 

Drawing 2 shows the block diagram of the control device 70 which performs the system process control 
software for cluster tool 10, and generates automatic control and process sequencing. A control device 70 
can be realized in more detail as a general purpose computer (for example, a mainframe computer, a 
workstation, a personal computer, or a microcomputer) for controlling a multi chamber processing system. 
A general purpose computer can be equipped with a central processing unit (CPU) or PUROSSESSA 72, 
memory 71, ROM73 and various I/O devices 74, for example, a monitor, a keyboard, and/or various storage. 

[0023] 

With a suitable operation gestalt, a control unit is a microcomputer, and it incorporates new system- 
software application so that it may mention later. The system software is expressed by the software 
application or module beyond one or it loaded to memory 71 from I/O device 74, for example, the MAG, or 
an optical disk drive, a diskette, or a tape. The system software is realizable in alternative as firmware 
stored in read-only memory (ROM) 73 and a prototype. As such a thing, the cluster tool control software 
of this invention is storable in the medium in which one or the computer read beyond it is possible. Finally, 
once it loads a software application, a processor 72 will perform this new software in memory, and will 
realize a cluster tool sequencer. Generally, a processor 72 can be used as the 680x0 mold manufactured, 
one, for example, Motorola, of the microprocessor of marketing of arbitration. 
[0024] 

It plans realizable as a circuit device in which some of process processes discussed as a software process 
here collaborate with a microprocessor in hardware, and various process processes are performed, the 
process realized by software although the control device is drawn as a general purpose computer 
programmed to perform various scheduling routines — application — it is realizable as hardware, such as a 
specific integrated circuit (ASIC) or a discrete circuit component. As such a thing, the process process 
indicated here has the intention of what is interpreted broadly as what is equally performed with the 
combination of software, hardware, or those arbitration. 
[0025] 

Sequencer software is multitasking and is divided into the real-time task orientation module called with 
interruption system from the timer which generates a periodical alerting signal. As shown in drawing 2 , 
basic sequencer software contains the sequencer task module 200, the screen task module 202, the low- 
speed task module 204, the chamber task module 206, and the buffer chamber task module 208. When 
called, each modules 200-208 complete interruption and those processings to processing of a low-speed 
module more, and return at the exit point of the last of the routine subsequently interrupted. By this 
conventional multitasking hierarchy actuation, more important actuation can be processed in the real time, 
without having serious effect for processing on other tasks in a system. When other modules publish the 
command with which it performs during processing of the module ordered later changing the DS to be used 
or during the processing to another module by leaving other messages or data for modules respectively to 
the outlet, as for the above-mentioned modules 200-208, which of other modules can communicate. 
[0026] 

Generally, the sequencer task module 200 controls sequencing of wafer manufacture or the process for 
every process including a process recipe program and a washing recipe program. A module 200 operates 
based on the DS which indicated the sequence and chemical preparation of a process of the wafers loaded 
into load locks 24 and 26, those processes, and a washing recipe, i.e., various chambers, i.e., a wafer 
sequence list, (WOL). A process and a washing recipe are respectively related with the specific wafer of 
WOL through another DS (WMDS), i.e., wafer management data structure, by the pointer to information. 
The sequencer task module 200 which operates based on the information on WOL and WMS publishes a 
command to a chamber task module so that the process process of the specific process recipe for a 
specific chamber or a washing recipe may be performed to right time amount. A wafer moves various 
chambers with the sequencer task module 200 which operates based on the DS which indicates that 
migration actuation of a system agrees in the chemical preparation of a specific chamber, i.e., a wafer 
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migration queue, (WMQ). When a wafer is in WMQ, a sequencer module is ordered to the buffer task module 
208 to perform migration by control of the entrance slit bulb of a chamber, and the wafer transport station 
82. 

[0027] 

The chamber task module 206 deals with various recipes and the washing recipes for the integrated-circuit 
process on a wafer including starting of actual control of a vacuum valve, various ionization processes of a 
chemical, and RF power source etc. The chamber task module 206 supervises and controls the process 
which happens by the specialized processing chamber by the actuation based on DS (CDS), i.e., chamber 
DS. 
[0028] 

The screen task module 202 makes it possible to leave a message or a command during those activation, 
before it programs the data of specification [ an operator ] in the DS of other modules and they are 
performed by the task module (or other program objects) by the interactive approach. One of the bodies of 
the screen task module 202 is an interactive text editor, and he is enabled to input data and a command, or 
for an operator to edit through an operator interface or a display, and to store them in the control for a 
process, and an administrative module (not shown). The screen task module 202 makes it possible to 
display a condition with various operators, an alarm, and surveillance intelligence during activation of the 
automatic-control sequence of a system 1 0 again. 
[0029] 

The low-speed task module 204 is also formed in order to supervise the specific task of the system 
performed comparatively at a low speed and to take timing. For example, the RF coil of a specific chamber 
was energized or the washing time amount of a chamber can be supervised by determining the amount of 
the active time amount. 
[0030] 

Here, the DS used by process control is explained more to a detail in relation to 6 from drawing 3 . WOL 
DS is indicated by the detail by drawing 3 . Wafer sequence lists are two or more information blocks 1 and 
2... It has n and one of the wafers by which the current plan is carried out so that it may be processed into 
each by the wafer processing system 10 is indicated. Each information block 1, for example, the block 
displayed as 210, contains the lot number to which the wafer identification number and it which identify a 
wafer uniquely belong, the wafer management blocks 1 and 2 corresponding to [ an information block 210 
controls processing of a wafer further, and ] the information block 210 of a wafer sequence list, and ... the 
pointer to WMD ( drawin g 6 ) which has n is included further. There are the two flag fields behind these 
fields. A thing for one to identify a wafer as a process wafer by which the deadlock was carried out, and 
another are for a deadlock being carried out and identifying it as a wafer (prior orientation) by which 
orientation was carried out. The field of the last of an information block 210 is a group chamber mask 
which identifies the group of a processing chamber who can construct the processing schedule of a wafer. 
The remaining information blocks 2 and 3 of WOL ... n is constituted like an information block 210 and 
includes the information about the remaining wafer processed with a cluster tool. 
[0031] 

Wafer management data structure is indicated in detail by drawin g 6 , and is structurally similar to the 
wafer sequence list. WMD — the wafer management blocks 1 and 2 and ... it has n, and each corresponds 
to each WOL information block, therefore it corresponds to a specific wafer. The field of the wafer 
management block 1, for example, the block displayed as 216, contains the lot number and wafer 
identification number of a wafer. In addition to it, a Status field indicates a process condition. Furthermore, 
there is program sequence discernment which indicates the washing recipe matched with the process 
recipe of a wafer and it. The field of the last of the wafer management block 216 records the cassette 
number and slot of the supply source with which a wafer starts the process. Ideally, such a supply source 
slot is a slot to which a wafer is returned after processing. The remaining wafer management blocks 2 and 
3 of WMDS ... n is constituted like the wafer management block 216, and includes the information about the 
remaining wafer in a system 10. 
[0032] 

WMQ DS is indicated in detail by drawing 4 . the identifier blocks 1 and 2 of a large number including the 
field which identifies the wafer which a wafer migration queue is a list of wafers which need migration, and 
should move, and its moving trucking (a supply source and destination), and ... it consists of n. The 



identifier block 1 displayed as 212 has one and the supply source for memorizing the pointer to the wafer 
information block in the wafer sequence list which identifies the wafer which should move and a destination 
processing chamber, or the field including two another fields for identifying the slot of an elevator or a 
cassette, when a supply source or a destination is a cassette or a load lock. The remaining identifier blocks 
2 and 3 of WMQ DS ... n is constituted like the identifier block 212 and contains the same data of the wafer 
of an and also [ migration is the need ]. 
[0033] 

Chamber DS is indicated in detail by drawin g 5 . Chamber DS is a list of processing chambers and those 
conditions, chamber DS — much condition blocks 1 and 2 and ... consisting of n, the condition block 1 
displayed as 214 includes the field which identifies the remaining time amount of the recipe process under 
activation by the chamber in the figure of a meaning, and its chamber. Another field is used as a flag in 
which it is shown [ under an activity of a chamber or ] whether it is vacant, and when set, it shows that a 
chamber is using it and the process recipe process or the washing recipe process is performed. Since the 
specific chamber has processed the wafer of the number only of which since washing of the last or the 
number of wafers is stored, the last field is used. The remaining condition blocks 2 and 3 of processing 
chamber DS ... n is constituted like the condition block 214 and contains the same data about other 
chambers in a system. 
[0034] 

Here, in relation to drawing 7 , the sequencer task module 200 containing the pre sequencer constituted 
according to this invention is explained in more detail. The main program 218 of a sequencer task module is 
a list of routines performed every 50ms. Generally, the task module 200 is block 220, processes the 
incoming message from other routines, data, or a command, and starts it by updating the information from 
other routines which is needed in order to perform the following task. 
[0035] 

With block 222, **** of a process, and in order to mainly reduce or remove the deadlock of a wafer, a 
module 200 foresees the point, constructs the migration schedule of the wafer between 30 from the 
above-mentioned processing chamber 16, and performs the dynamic read-ahead routine or pre sequencer 
which determines priority. It becomes possible for a system 10 to use a chamber more effectively and to 
raise the throughput of a cluster tool by this prior sequencing. 
[0036] 

The dynamic read-ahead program 222 investigates the wafer sequence list used in order that the 
sequencer task module 200 may set the sequence of processing in order, and determines which wafer 
within a sequence will cause the problem on a throughput in the future. A program changes the sequence 
of the wafer discernment data in a wafer sequence list, and a wafer migration queue, and eases or removes 
these problems from the list of problem wafers with which it was identified within the sequence. As for 
migration of the wafer for reducing these problems, the correction to be migration before migration of 
which type of wafer has priority determined by whether a throughput is improved most and performs 
processing after it is made. Since the pre sequencer routine 222 is performed every 50ms, once a problem 
is identified, it will be corrected in an instant. 
[0037] 

After it publishes a command to the buffer chamber task module expressed by block 224 and a wafer 
moves to those suitable chambers, a command is published by the chamber task module of block 226 so 
that either the process recipe of a wafer or the washing recipe of a specific chamber may be set in order, 
so that the sequencer task module 200 after WMQ and WOL, or the required information on other were 
updated may move a wafer by the sequence beforehand defined as demarcated by WMQ. As such a thing, a 
chamber task starts with block 228. Once a chamber task starts, the task sequencer module 200 will be 
dormant with block 229, and will wait for the following alarm clock call. 
[0038] 

The more detailed functional flowchart of the dynamic read-ahead routine 222 is indicated from drawing 8 
a to 8g. It is the general function of the pre sequencer program expressed with block 222 being explained 
by drawing 8 a in full detail, and the 1st function of the block 230 there foreseeing the point of a wafer 
sequence list, and looking for a sequence medium deadlock wafer. Although these are ready for completing 
a part of those processings and moving to the following processing chamber, they are the wafers with 
which it became clear that the following processing chamber was using it. However, even if they stagnate a 



system by not opening the processing chamber or resource with which current arrangement of them is 
carried out again, they are. This produces the possibility of a deadlock stopped until this and the 
substantial part of the possible floor to floor time of other wafers become as [ receive / the destination 
chamber of the wafer / a deadlock wafer ] (available). The solution of this problem is returning it to the 
position in readiness of a system 10 preferably at a load lock chamber until it takes out the wafer which 
carried out the deadlock from that supply source processing chamber and the destination chamber of that 
wafer becomes available. Thereby, while the deadlock wafer is waiting for the destination chamber, it 
becomes possible to process other wafers by the opened supply source chamber. A load lock is the 
example of a position in readiness. A deadlock wafer can be temporarily arranged to the process chamber 
which is not used or the special positionHn-readiness chamber which can be used. A position-in-readiness 
chamber can include the wafer elevator for storing two or more deadlock wafers which are waiting for the 
processing chamber. 
[0039] 

The next function of block 232 is investigating whether there being any wafer [ finishing / orientation ] 
which foresaw the point of a wafer sequence list and carried out the deadlock into the orientation chamber 
30. Although these are ready for completing orientation and moving to the following processing chamber, 
they are the wafers with which it became clear that the following processing chamber was using it. 
However, by not opening for other wafers' processing of the orientation chamber which contains the 
orientation finishing wafer which carried out the deadlock again, even if they stagnate a cluster tool, they 
are. This produces the possibility of a deadlock which many of possible processings of the wafer of this and 
others stop until it comes to be able to perform preparation whose destination chamber receives an 
orientation finishing wafer. The solution of this problem is the position in readiness of a system 10, and 
returning to a load lock preferably about it until they take out again the wafer which carried out the 
deadlock from the orientation chamber 30 and can use a destination chamber. While the orientation 
finishing wafer which carried out the deadlock is waiting for migration to a destination chamber by this, it 
becomes possible to carry out orientation of other wafers by the opened orientation chamber. The 
following two functions in blocks 234 and 236 are the same. They foresee the point of WOL, investigate 
whether there are any process wafer and returned orientation finishing wafer returned to the position in 
readiness or the load lock, and reconstruct those schedules for future processing. 
[0040] 

Once it is attained discernment of a problem wafer (what is easy to become deadlock voice), and that a 
schedule reconstructs (a) Return the wafer which carried out the deadlock to a load lock, and other wafers 
are moved to the processing chamber or orientation chamber by which (b) release was carried out. And 
motion of the wafer transport station 82 for moving the wafer with which the schedule of others containing 
the load lock wafer which reconstructed the (c) schedule was carried out can attach priority by examining 
the class of wafer with block 238. The class of wafer contains the wafer which carried out the deadlock, 
the wafer which carried out orientation, the wafer of sequence medium, and a prototype. A trial shows 
clearly what kind of wafer is listed by the wafer migration queue, and, subsequently is reorganized based on 
the class of wafer which wafer discernment data should move. For example, although the wafer of 
sequence medium which carried out the deadlock is orientation ending, it has priority higher than a raw 
wafer. Furthermore, although it is orientation ending, a raw wafer has priority higher than the wafer which 
must still be picked out from a load lock, although orientation is not carried out. After attaching priority to 
a wafer migration queue, the wafer within a queue moves to each of those destination as it is shown in 
block 240. 
[0041] 

From now on, the detail routine which realizes the block 230 of drawing 8 a in order to identify the wafer of 
sequence medium in which the deadlock was carried out by the identification read ahead is explained in 
more detail in relation to drawing 8 b. Although all the wafers in a wafer sequence list are inspected by the 
routine of drawing 8 b before they return to main routine, they indicate the process of only one wafer for 
**** to a term ** sake. It is determined whether a routine has the destination chamber of a large number 
which can read chamber discernment of the chamber (supply source chamber) containing the present 
wafer first with block 242, and can receive a wafer at the process of whether it is a group chamber and a 
degree that is,. If a chamber is not a group chamber, a routine will use the found specific chamber ID 
number, and will progress to block 246. When chamber discernment shows that the wafer is contained in a 



group chamber, a chamber available next is chosen in a group by reading the remaining time amount of a 
recipe with block 244 by investigating the chamber DS of each chamber of the group. A program continues 
discernment of a supply source chamber, and discernment of a destination chamber within block 246, and it 
is determined whether a destination chamber is available to the next migration. The availability of a 
destination chamber is examined by the busy status flag of chamber DS, and the residual time of the recipe 
field. 
[0042] 

When a chamber is available, wafer discernment data are inputted into wafer migration queue DS with block 
252, and if it is the entry of the last of the wafer sequence list which this should investigate, a program will 
return. When a chamber cannot be used, with block 250, a deadlock flag is set to the specific wafer, and 
discernment of the following processing chamber which is under activity now is saved on a wafer sequence 
list. Subsequently to a load lock the destination chamber field of the wafer is changed, and wafer 
discernment data are inputted into a wafer migration queue with block 252. As such a thing, a wafer moves 
to a load lock after activation of a buffer chamber task module. If all the wafers of WOL are examined, a 
routine will return to a main task module after that. 
[0043] 

The detailed routine which realizes the block 232 of drawing 8 a in order to identify the orientation finishing 
wafer in which the deadlock was carried out by the dynamic read ahead is explained in more detail in 
relation to drawing 8 c. Although all the wafers of a wafer sequence list are inspected by the routine of 
drawing 8 c before they return to main routine, they indicate the process of only one wafer for **** to a 
term ** sake. It is determined whether a routine has the destination chamber of a large number which can 
read chamber discernment of the chamber (supply source chamber) containing the present wafer first with 
block 254, and can receive a wafer at the process of whether it is a group chamber and a degree that is,. If 
a chamber is not a group chamber, a routine will use the found specific chamber ID number, and will 
progress to block 258. When chamber discernment shows that the wafer is contained in a group chamber, a 
chamber available next is chosen in a group by reading the remaining time amount of a recipe with block 
256 by investigating the chamber DS of each chamber of the group. A program continues discernment of a 
supply source chamber, and discernment of a destination chamber within block 258, and a destination 
chamber determines whether it is available as the migration to which the schedule of the degree was 
carried out. The availability of a destination chamber is examined by the busy status flag and the recipe 
residual time field of chamber DS. 
[0044] 

It examines with block 260, when the following chamber is available, wafer discernment data are inputted 
into wafer migration queue DS with block 264, and if it is the entry of the last of the wafer sequence list 
which this should investigate, a program will return. When a chamber cannot be used, with block 262, a prior 
orientation flag is set to the specific wafer, and discernment of the following processing chamber which is 
under activity now is saved on a wafer sequence list. Subsequently to a load lock the destination chamber 
field of the wafer is changed, and wafer discernment data are inputted into a wafer migration queue with 
block 264. As such a thing, a wafer moves to a load lock after activation of a buffer chamber task module. 
If all the wafers of WOL are examined, a routine will return to the block 232 of drawing 8 a after that. 
[0045] 

After processing a sequence medium wafer and an orientation finishing wafer, it moves from a routine to 
drawing 8 d, and a routine does not have the returned process wafer and the returned orientation finishing 
wafer, or inspects a wafer sequence list, and reconstructs those schedules towards the original destination 
chamber here. The routine of drawing 8 d follows and realizes the process of the approach expressed by 
the blocks 234 and 236 of drawing 8 a. About all the wafers in a wafer sequence list, a routine performs the 
group of steps 266-278, and starts him by examining whether the information block by which is block 266 
and current addressing is carried out by the wafer sequence list identifies the 1st wafer. Next, a routine 
opts for discernment of the chamber in which the wafer by which current addressing is carried out is 
located with block 268. Chamber ID is examined with block 270 next, and it is determined whether it is a 
load lock chamber. When that is not right, a program moves to the following wafer by moving to the trial of 
block 278. However, it may be the returned wafer when a wafer is in a load lock. A sequence medium flag is 
examined with block 272, an orientation finishing flag is examined with block 274, and it is determined 
whether either is set or not. When one of flags is set, this is a returned wafer which is waiting for a 
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schedule to reconstruct. Moving from the following process to drawing 8 e, this realizes the schedule **** 
repair routine called by block 276. When it is shown by the trial of blocks 272 and 274 that the deadlock 
flag is not set, as for a program, the next information block of a wafer sequence list is inspected by blocks 
278 and 280 return and there. After all the wafers of a wafer sequence list are inspected, a program 
returns to the block 234 of drawing 8 a, or 236 then. 
[0046] 

Drawing 8 e shows the flow chart of the routine which realizes the wafer schedule **** repair process of 
the block 276 of drawing 8 d. It is determined whether a routine has the destination chamber of a large 
number which can read chamber discernment of the chamber (supply source chamber) containing the 
present wafer first with block 282, and can receive a wafer at the step of whether it is a group chamber 
and a degree that is,. The identification information of a group chamber is contained in a group mask. If a 
chamber is not a group chamber, a routine will use the found specific chamber ID number, and will progress 
to block 286. When chamber discernment shows that the wafer is contained in a group chamber, a chamber 
available next is chosen in a group by reading the residual time of a recipe with block 284 by investigating 
the chamber group mask and the chamber DS of each chamber (that is, when the close chamber is in a 
group mask). With block 286, a routine inspects chamber DS and it is determined whether a destination 
chamber (target) is available. It refers for whether the target chamber of a routine is available with block 
288. When enquiry is answered in the negative, a routine returns to the block 276 of drawing 8 d. Therefore, 
a wafer does not rehave a schedule constructed but it must wait for it so long. When enquiry of block 288 
is answered in suitable, a routine goes into block 290 and updates WMQ DS. As such a thing, a wafer 
moves to the chamber for processing from the position in readiness of a load lock after activation of the 
following buffer chamber task. Next, a routine returns to the block 276 of drawing 8 e. 
[0047] 

After identifying the sequence intermediate-processing-intermediate-treatment wafer by which the 
deadlock was carried out, and the orientation finishing wafer by which the deadlock was carried out, 
reconstructing the schedule of the migration, and identifying the returned sequence medium wafer and the 
wafer by which prior orientation was carried out and reconstructing the schedule of the migration, a 
program determines the priority of a wafer migration queue. The functional flowchart where the step of this 
process is detailed is described in more detail to drawing 8 f which realizes the block 238 of drawing 8 a. A 
wafer migration queue begins a process and a washing recipe, a pre sequencer, a screen task module 
(operator control), and a prototype, and is loaded in random sequence from various programs with the need 
of moving a wafer. The routine of drawing 8 f redoes sequencing of these migration, attaches priority to 
**** which may be generated in a process, and prevents the lock out. Sequencing of a wafer sequence list 
is redone and the raw wafer in a load lock is put on a wafer [ finishing / the sequence medium when the 
sequence medium and orientation finishing wafer by which was set to the second in the washing wafer, and 
the deadlock was carried out in the first place / of priority / to the third in the processed wafer was 
returned in the load lock by the fourth, and orientation ], and the fifth. Since the processing chamber which 
needs washing is not stopped by this approach, that chamber becomes available by the time amount in 
which the shortest is possible. Furthermore, the completed process wafer can be picked out from a 
system, or can be moved to the following step, and a resource can be released by it for other wafers which 
should move by the second priority. A wafer [ finishing / the sequence medium by which the deadlock was 
carried out, or orientation ] moves by the third priority, and releases a specific processing chamber or a 
specific orientation chamber, respectively. Subsequently, the returned orientation finishing wafer and the 
returned sequence medium wafer move using the interval of a schedule which may happen, and completes 
processing in these wafers. Finally, the raw wafer in a load lock is the tail end of a migration queue. 
Thereby, a new wafer does not create a new schedule until other wafers processed selectively are 
processed. The minimum migration of a wafer is planned by this approach, and through processing 
effectiveness improves remarkably. 
[0048] 

As a matter of fact, the program of drawing 8 g generates a command to a buffer chamber task module so 
that a wafer may be moved, and it realizes the block 240 of drawing 8 a as such a thing. After redoing 
sequencing of WMQ, migration of the wafer of a list is started. Sequential addressing of each entry of a 
wafer migration queue is carried out with block 302, and a command is taken out by the buffer task module 
so that the specific wafer for [ current ] an interest may be moved, a ******** [ that a routine is block 



304 and it is a wafer / finishing / the sequence medium to which the wafer was returned by investigating 
wafer discernment data with the flag of a wafer sequence list, or orientation / after the wafer migration 
command to the wafer of a list is taken out ] — and it is determined whether the supply source chamber 
of the wafer is a load lock. When both conditions are fulfilled, it was determined as what kind of wafer, or 
(that is, is a wafer the wafer by which the deadlock was carried out, and a wafer by which prior orientation 
was carried out also to it?) a prior orientation flag or a deadlock flag is reset by the wafer sequence list 
with block 306. After clearing these flags, a program is block 308 and it is determined whether this is the 
wafer of the last of a wafer migration queue. If it is not the last wafer, a program will publish return and 
another wafer migration command to block 302. After the last wafer command is published, a program 
returns to the block 240 of drawing 8 a. 
[0049] 

The buffer chamber task module 208 explained further in full detail in the functional flowchart of drawing 9 
a to 9b is a program which controls the wafer transport station 80 and performs migration of the wafer 
between a processing chamber and a load lock. The buffer chamber task module 208 is called with 
interruption system every 20ms, and performs this actuation together with the task of others relevant to a 
buffer chamber. When it is determined that the buffer chamber task module 208 will have the command 
which moves a specific wafer with block 310, it calls the wafer migration program 312, in order to attain the 
task. As the above-mentioned [ the wafer migration program 312 ], a transport station 82 lifts a wafer from 
the supply source chamber, and controls moving it to the destination chamber. This program controls 
closing motion of the entrance slit valve of a chamber again, makes migration possible if needed, and 
attains the separation under processing and washing. After a program receives a wafer migration command 
according to another description of a pre sequencer, it examines whether a destination is a slot in a 
cassette. When this trial is truth, a pre sequencer foresees the point of a wafer migration queue, 
determines whether there is any another wafer connected to the load lock, and makes the slit valve of a 
load lock as [ open beam ] after exchange of a wafer with block 316. Two or more wafer exchange can be 
attained as such a thing, without opening and closing the slit valve of a load lock at every exchange. Then, 
after a routine progresses to block 317 and completes other tasks there, it returns at the interruption exit 
point. 
[0050] 

The detail chart of the routine of drawing 9 b realizes step 316 of drawing 9 a. First, it is block 320, a 
program determines whether a wafer is in a wafer migration queue more, and if there is nothing, it will 
return a negative indicator to the wafer migration program 312. If it is, the following wafer will be examined 
with blocks 322 and 324, and it will be investigated whether the supply source cassette discernment is 
equal to the wafer cassette discernment for which it comes on the contrary. When a trial is answered in 
suitable, a routine determines the current location of the following wafer there following block 326. After 
determining the current location of a wafer, it examines whether a program is equal to the cassette 
discernment for which it is [ discernment ] block 328 and the location comes on the contrary. In the case 
of yes, a program returns an affirmative response to a wafer migration program. When that is not right, it 
investigates whether a program relapses into block 320, examines a wafer migration queue there, and has a 
wafer more. The flag in which it is shown that the wafer by which the schedule was carried out is in a wafer 
migration list is generated by the wafer migration program so that it may be arranged at the load lock and 
may take out from a load lock by this, and the schedule of the current wafer is carried out so that it may 
move to a load lock. A slit valve door must be opened in order that close may move the wafer to which it 
comes to a load lock, and it is intentionally made as [ open beam ] so that there may be no need of closing 
only in order to transport after that the wear which a wafer migration program leaves and to open again 
later. Since there is the most amount of wafer migration in a load lock, with prior sequencing, especially 
this refined time amount economization raises the effectiveness of a load lock mechanism, and falls wear. 
[0051] 

Although this invention was explained in relation to the suitable operation gestalt, it does not mean 
restricting this description to the specific gestalt which specified the range of this invention, and has the 
intention of covering all the alternative examples included in the pneuma of this invention demarcated by 
the claim reversely [ that ], and within the limits, a modification, and an equal object. 
[Brief Description of the Drawings] 
[D rawin g 1] 



It is the outline top view of the multi chamber processing system which operates according to this 

invention. 

[Drawing 2] 

It is the pictorial system flow chart of the process control program of the control unit shown in drawing 1 . 
[Drawing 3] 

It is the tabular format expression of the wafer sequence list data structure used by the process control 
program shown in drawing 2 . 
[ Drawing 4] 

It is the tabular format expression of the wafer migration queue DS used by the process control program 
shown in drawing 2 . 
[Drawing 5] 

It is the tabular format expression of the chamber DS used by the process control program shown in 
drawing 2 . 
[Drawin g 6] 

It is the tabular format expression of the wafer management data structure used by the process control 
program shown in drawin g 2 . 
[ Drawin g 7] 

It is the detail chart of the sequencer task module of the process control program shown in drawing 2 . 
[Drawing 8 a] 

It is the detail chart of the read 
[Drawing 8 b] 

It is the detail chart of the read 
[Drawing 8 c] 

It is the detail chart of the read 
[Drawing 8 d] 

It is the detail chart of the read 
[Drawing 8 e] 

It is the detail chart of the read 
[Drawing 8 f] 

It is the detail chart of the read 
[Drawing 8 g] 

It is the detail chart of the read 
[Drawing 9 a] 

It is the detail chart of the buffer chamber task module of the process control program shown in drawing 
2 . 

[Drawing 9 b] 

It is the detail chart of the buffer chamber task module of the process control program shown in drawing 
2 . 
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